Abstract Of the three complementary theories of aging, two (mutation accumulation and antagonistic pleiotropy) were formulated over fifty years ago before the introduction of molecular biology, and the third (disposable soma) is over thirty years old. Despite rigorous research in the past fifty years, none have gained substantial experimental support. Here, I review these theories and introduce a new hypothesis called the selfish anti-aging (SAA). Aging happens because natural selection is indifferent to the organism's life beyond reproduction; however, many mammalian species acquired anti-aging genes, which are providing instructions following completion of developmental, ontogeny, program. Such instructor-genes might be responsible for the elongation of lifespans of primates as a byproduct of parental care program. According to the SAA hypothesis, the animal models used in aging research could be divided into three groups, based on the degree of perceived presence and action of instructor-genes in each group. This new hypothesis is grounded in evolutionary theory and describes the unique primate aging process.
Introduction
In 1891, August Weismann, the first evolutionary biologist to systematically investigate aging, suggested aging is adaptive (Weismann 1891). In 1952, future Nobel Laureate Peter Medawar criticized Weismann's view and argued natural selection would not affect the aging process of wild populations because most individuals died before attaining advanced ages, and as such aging is not adaptive (Medawar 1952) . Accordingly, Bthe functional performance of the adult body should deteriorate with age^ (Rose and Graves 1989) . Although sufficiently explaining aging from an evolutionary perspective, the most popular theory among aging researchers is George Williams's antagonistic pleiotropy (Williams 1957) , which postulates that aging is an unfavorable character to be selected against. There, Williams reported, BIt is remarkable that after a seemingly miraculous feat of morphogenesis, a complex metazoan should be unable to perform the much simpler task of merely maintaining what is already formed.^Comfort (1954) suggested that aging was a neutral evolutionary process but did not produce an independent theory. In 1977, Kirkwood introduced the disposable soma theory (Kirkwood 1977) to reunite evolutionary theory with the longevity-reproduction connection.
Over the past three decades, Medawar's mutation accumulation (MA), Williams's antagonistic pleiotropy (AP), and Kirkwood's disposable soma theories (DST) have been used for evolutionary studies of the genetic and molecular mechanisms of aging. However, despite progress in the field of aging, none of these theories present useful strategies to combat senescence in primates and postpone human aging. Recently, trying to bridge mechanistic and theoretical explanations of aging, Kirkwood (2005) attempted to reconcile the disposable soma theory with the oxidative stress theory of aging and other Bmechanistic^theories of aging. The resulting explanation absorbed Beverything^but did not shift evolutionary understanding of aging or offer a new research direction. The new hypothesis of aging should bring attention back to the evolutionary explanation of the senescent process, and the prediction that certain gene families are playing an important role in lifespan extension and could provide researchers with the testable experiments.
Mutation accumulation theory
Peter Medawar's famous publication Unsolved Problem of Biology (Medawar 1952 ) presented the first contemporary evolutionary perspective of the aging process. Firstly, he refuted Weismann's suggestion that the aging process was adaptive by asserting that most individuals in wild populations died before reaching an advanced age. Instead, Medawar emphasized that natural selection lost efficiency after reproduction, eliminating selective pressure on the aging process. This view was an absolute explanation of the evolution of aging: aging existed because natural selection could not eliminate it. This concept is the basis for all evolutionary theories of aging. Medawar's critiques of Weismann's adaptive view of aging remain valid in discussions with modern Bprogrammed aging^supporters, who believe aging is beneficial for the species and thus programmed like other developmental processes (Libertini and Ferrara 2016) .
Secondly, Medawar discussed the origin and evolution of senescence. To explain the genetic basis of aging, Medawar introduced the test tube metaphor. He suggested to imagine a population of test tubes, in which each test tube is potentially immortal. Due to poor handling, the population would experience extrinsic mortality, with breakage equivalent to death in natural populations by external forces such as predation, starvation, infection, and hypothermia. Initially, tube fitness would be age-independent, and all tubes would have the same probability of breaking at any point in time. As the population is replenished by the birth of Byoung^test tubes, the proportion of Bold^tubes in the population would decrease due to longer exposure to the constant breakage risk. As a result, the reproductive output of the Bold^tube group would decrease due to fewer Boldt ubes. Then, Medawar introduced mutations that affected the test tube population in an age-dependent manner: all tubes above a certain age would experience the activation of the mutated gene and would be eliminated from the population. If the mutations struck before the reproductive age, the test tube population would go extinct. If mutations struck after reproduction, fewer tubes were affected, and the mutation remained in the population. Thus, according to Medawar, mutations that presented early in life were subject to selective pressure while mutations that manifested later in life could accumulate. According to the mutation accumulation theory (MA theory), these late-life deleterious mutations produced a senescent phenotype in individuals that avoided extrinsic mortality.
However, the MA theory is not supported by contemporary genetics. Mutations are changes in the DNA sequence that can subsequently lead to changes in the protein structure and/or function. Many mutations have deleterious effects and are lost through purifying selection. According to the MA theory, late-acting mutations could accumulate in genes that would only cause problems later in life. However, if no selective pressure prevents mutation accumulation in these late-acting genes, there would also be an absence of selective pressure to keep them functional. In the absence of purifying selection, they would accumulate even more mutations and become pseudogenes. In contrast to the assumption that such genes would lead to the aging phenotype, the mutations accumulated in late-acting genes would result in pseudogenes that were no longer transcribed and/or translated. Many loci have accumulated mutations and become pseudogenes in some species, but devoid of such mutations remain functional in other species. For example, primate genomes contain approximately one thousand olfactory receptor genes that are typically expressed in the nasal epithelium for odorant detection. In the human genome, 60% of these receptors have acquired disrupting mutations during recent primate evolution, and they continue to accumulate mutations (Gilad et al. 2003) . In contrast to primates, rodents are Bkeeping^their smell-related genes functional and free of mutations. In primates, many olfactory receptor pseudogenes are not essential during the life of an organism, and because of this they no longer encode functional, expressed proteins. This example is an illustration: if a gene is not needed, it would accumulate mutations over time and became a pseudogene, not playing any role in the life of organisms. So, not surprisingly, to date, no late-acting genes have been identified that support the MA theory (Baudisch 2005) .
Antagonistic pleiotropy theory
In BPleiotropy, Natural Selection, and The Evolution of Senescence,^George Williams (1957) introduced the antagonistic pleiotropy theory (AP theory) and also criticized Weismann's view that senescence is adaptive and Comfort's senescence theory (Comfort 1956 ) that argued Bsenescence is selectively irrelevant.^Contrast-ingly, Williams attested that Bsenescence is an unfavorable character, and that its development is opposed by selection.^Williams suggested that senescence remains despite its negative fitness effect, and argued senescence arose by Bselection of genes that have different effect on fitness at different ages.^In his view, the strength of selection declines after sexual maturity is attained; therefore, mutations that were beneficial at early life stages would persist regardless of their deleterious effects later in life.
According to Williams, BIt is necessary to postulate genes that have opposite effect on fitness at different ages, or, more accurately, in different somatic environments^(emphasis by Williams). Thus, AP required Bdifferent somatic environments^a priori. In other words, differences between early and late cellular environments accounted for differences in fitness effects. However, Kirkwood and Holliday (1979) and Sacher (1982) both argue the division of life into an early and late period to explain aging is circular by nature and that B… a pleiotropic switch can only be a consequence of a prior aging process and not a primary cause^. The AP theory attempts to explain temporal somatic differences, so these changes could not be used to explain aging. Although genes have temporal changes in expression, these differences are secondary to other adjustments and therefore are not driving the aging process. To date, no gene has been identified that supports the AP theory. Moorad and Hall (2009) proposed that adaptive evolution of aging via the AP theory might experience negative feedback. Hamilton (1966) provided rigorous theoretical support to the AP theory, but his conclusion was criticized by Baudisch (2005) who suggested that AP theory might be unimportant for the majority of species. Moorad and Promislow (2009) (Kirkwood 1977) , which postulated aging is a byproduct of a trade-off between reproduction and somatic maintenance. According to this theory, an organism uses energy for growth, maintenance, repair, storage, and reproduction to maximize fitness and survival. Because the amount of energy available to the organism during its lifespan is limited, there has to be a balance between reproduction and somatic maintenance. For most species, reproduction is of the higher priority, and, as a result, the importance of somatic maintenance is reduced, and the body gradually deteriorates following reproduction.
Initially, the DST complimented the MA and AP theories. Later, Kirkwood extended the DST to explain the physiological basis of aging through trade-offs between reproduction and maintenance. Trade-offs can be defined as a balance between two states that cannot be maintained simultaneously or as giving up one thing for another. However, based on these definitions, it is unlikely that a trade-off between reproduction and somatic maintenance exists. Surviving until the end of reproduction requires somatic maintenance, suggesting that these processes work together rather than against each other. Reproduction and maintenance are not two polar opposite tasks of the evolutionary process; instead, they exist in a balance that allows immediate reproduction in short-lived species and prolonged somatic maintenance for delayed reproduction in long-lived species. A tradeoff between reproduction and somatic maintenance is unlikely because reproduction requires the body to be well-maintained. There is no reproduction-OR-somatic maintenance balance because maintenance is necessary to provide the best conditions for reproduction.
In an effort to reconcile the evolutionary theories of aging with the mechanistic theories of aging, Kirkwood suggested that oxidative stress and overall genomic instability (increased mutation frequencies, chromosomal aberrations, and mitochondrial DNA damage) were the underlying mechanisms of the DST. Unlike the MA and AP theories, which were based on the deleterious behavior of genes and proteins, the DST postulated that Baging evolved not through genes doing something, but because of genes not doing things ( Kirkwood 2008 ). This conclusion is echoed by the general evolutionary theory of senescence, which states that aging exists because natural selection does not concern itself with it. In a recent critique of the DST, Speakman and Król (2010) noted Ba major problem with the DST is that while the existence of costly LAMs [longevity assurance mechanisms] was postulated over 30 years ago, it is still unclear what these LAMs are^.
Environmental effects on aging
Classical evolutionary theories of aging predict that aging would be delayed in safe environments. Based on the AP theory, Edney and Gill (1968) assumed that Bspecific longevity is determined by (1) natural selection tending to prolong it and (2) the sum of all environmental hazards tending to curtail it^. This conjecture assumes that as the environment becomes less hazardous, species longevity increases. In wild populations, most individuals die from external causes, largely ageindependent sources of mortality, such as predation, extreme temperatures, or hunger, and the strength of natural selection on individuals declines after maturation (Kirkwood and Austad 2000) . However, it is suggested that in a safe environment that is free of predation, mortality due to external causes would decline, resulting in longer individual survival and species longevity.
For example, at Sapelo Island, GA, a population of opossums has been separated from the mainland population for 4000-5000 years. Here, free from the threat of predators, the island opossum population evolved a significantly lower reproductive rate, slightly increased reproductive age, and a seemingly slower rate of aging (Austad 1993) . Additionally, the island opossums had 20% smaller first litter sizes than the mainland opossums. At first glance, this case supports both the AP theory and DST by combining the AP-prescribed delay of late deleterious effects of pleiotropic genes and the DST-prescribed decrease in reproduction that facilitate increased investment to somatic maintenance. Supposedly, because the island was a safe environment in the absence of predators, selection on the late-acting pleiotropic genes pushed their deleterious effects beyond the survival age of the mainland opossums. Simultaneously, selection for early reproduction was reduced in the island population. According to DST, lifespan increased due to a shift in the reproduction/somatic maintenance trade-off to allocate more energy to somatic maintenance. However, this trade-off is not the only explanation for the changes in aging and reproduction. The island population might have experienced alternative external pressures that limited reproduction and extended the developmental process, similar to the situation observed in some rodent species, where reproductive cycles are modulated by nutrition and population density (Drickmer 2007; Krebs et al. 2007; Randall 2007) . In addition to the release from the threat of predation, the island population also experienced an increase in population density (adult female density on the island is 4.2 times higher than that on mainland and weaned offspring density on the island is 2.7 times greater than that on the mainland (Austad 1993)), which may lead to increased competition for food. In this situation, it could be advantageous for females to produce fewer pups per litter. Similarly, rodents with moderately restricted caloric intake have shown a decrease in reproduction and an increase in median and maximum lifespan. Thus, the difference between the two opossum populations may not be attributed to a Bsafe environment^on the island, but more likely resulted from increased competition for food in the island population.
In a comparison of two populations of guppies, one with predators and one with an absence of predators, Reznick and coauthors found no extension of lifespan in the community free of predation. By contrast, they found statistically longer intrinsic lifespans in guppies from populations that experience high predation rates (Reznick et al. 2004 ). Thus, the environmental effect on aging has a more complicated pattern of influence that has been suggested previously (Wensink et al. 2017) .
Moreover, the notion that a Bsafe environment^is beneficial for the species longevity might be an oversimplification of a real life; as Charles Darwin stated, BEvery being, which during its natural lifetime produces several eggs or seeds, must suffer destruction during some period of its life, and during some season or occasional year, …. as more individuals are produced than can possibly survive, there must in every case be a struggle for existence, either one individual with another of the same species, or with the individuals of distinct species, or with the physical conditions of life^(Darwin 1859).
Aging: longevity vs. immortality
To develop my new hypothesis on the evolution of aging, I broke down the question BWhy do we age?î nto BWhy are we not immortal?^and BWhy do we live as long as we do?^The answer to the first part has been suggested by Medawar (1952) and Rose and Graves (1989) ; they suggested that because the strength of selection declines with age, evolution is not concerned with aging. In other words, long life and immortality are not under selective pressure. Interestingly, the opposite is also true, and regulating the aging process to limit the life span was also not under selective pressure. In the absence of selective pressure on aging, it is interesting that there are maximum species-specific life spans. Despite this apparent absence of selection on lifespan, there are no mice that live beyond 4 years or humans that live beyond 122 years. Understanding the genetic component of the species-specific aging rate would ultimately lead to a successful gerontological program (Hayflick 1988; Hayflick 2000; Sierra and Kohanski 2017) . To investigate the genetic component of species-specific aging requires a new hypothesis.
The orchestra metaphor According to the above critiques, none of the three theories of aging satisfactorily explains the aging process mechanisms. To explain the origin of aging, I have developed a new hypothesis, called the selfish antiaging (SAA). To introduce this new hypothesis, I suggest a new metaphor of a philharmonic orchestra. Imagine a philharmonic orchestra playing Tchaikovsky's Swan Lake every day for several years. Initially, the conductor would break up the music to make corrections or to switch musicians. In time, the performances become almost perfect. The length of time necessary to achieve perfection depends on the conductor's talent, the number of artists in the orchestra, the talent of each artist, and the artists' ability to adjust as a unit. After several months, the orchestra achieves the capacity to perform Swan Lake with little direction from the conductor by following the written notes and several key players. Finally, after a few more months, the orchestra is playing Tchaikovsky without the conductor's direction as brilliantly as it was playing with him. However, this orchestra is brilliant only when playing Tchaikovsky's Swan Lake, and when all important artists are present. Imagine that one day, the conductor says, BYou have been playing very well, and today you are going to do something different. After you are done playing Swan Lake, continue to play without the written notes. Do not stop playing at any cost! I want to see how well you have been trained during these months.T wo possible endings for this hypothetical situation are envisioned. In one alternative, the music degrades over time, missed notes here and lost parts there, resulting in chaos. Alternatively, the key artists would retain order in some small portion of the music. They could potentially find equilibrium between chaos and order, resulting in a constant repetition of parts of the ballet requiring minimal instruments. Because the orchestra was trained to play only Swan Lake, it was a brilliant but specific orchestra. Repeated practice and performance of Swan Lake corrected and eliminated all mistakes. However, after Swan Lake concludes, mistakes will remain uncorrected, and harmony will collapse. These mistakes do not cause the chaos but are characteristics of the chaos. The cause of the chaos is that Swan Lake is finished, and no one knows or cares what happens next.
Let us replace our orchestra with a gene expression network in a living cell or organism and the conductor with the force of natural selection: each instrument is a gene or expression pathway, and Tchaikovsky's music is the cellular or organismal ontogeny. This new orchestra is the biggest and most complicated gene network working together for correct ontogeny. During millions of years of evolution, cellular and organismal development have adapted within this gene network. These developmental patterns are flexible between species. At the completion of the developmental program, the aging process settles on and chaos or a small, simple repetition begins.
A new aging hypothesis: running out of program and selfish genes in anti-aging According to Comfort (5), natural selection is indifferent to individual survival beyond reproduction. Although natural selection has led to some incredibly complex developmental plans, complex development is not enough for the long-term individual survival. Organisms running out of the developmental program are as helpless as the Swan Lake-specific orchestra. They have the equipment to play any music but only learned to play Swan Lake.
Many organisms in the wild die soon after reproduction. For these species, life history is the constant cycle of egg-(development)-adult-(maturation)-egg. Arking (1998) described r-selected species as those with large numbers of offspring coupled with high mortality and kselected species as those with a smaller number of offspring and a lower mortality rate. In r-selected species, death represented a statistical probability, and an individual might survive beyond the end of its developmental program and reproductive period. The random nature of this survival is not converted into inheritable benefits. Such post-reproductive survival is apparent when animals are reared in artificial environments devoid of natural pressures, such as predation or starvation. For example, in the wild, Drosophila melanogaster rarely survive more than two or three weeks, but in a lab, they survive up to two months (Linnen et al. 2001 ). Thus, natural selection selects for developmental programs that allow individuals to survive at least until the end of reproduction, but some survive beyond reproduction. This situation is similar to human-made devices with a warranty period. A Toyota or an iPod is manufactured with specific reliability, and both are supposed to operate during the warranty period, usually thirty-six months for cars and twelve months for iPods. However, this time limit does not indicate that the car or iPod will stop working after the warranty period. They often operate for a long time even after the warranty expires. In other words, cars are supposed to function, without significant problems, for at least three years and iPods for at least one year. For the animals, the Bwarranty period^is even more relevant. Natural selection selects for developmental programs that equip animals for survival during reproduction. While an animal is still reproductively active, its physical and physiological strength must be at peak level to compete in the Bstruggle for survival.^The developmental program readies the animal for reproduction, but many animals do survive after reproduction. Thus, completion of ontogeny-running out of the developmental program-does not automatically lead to immediate demise. For many species, the end of the reproductive period marks the beginning of gradual physiological decline and deterioration, and aging begins when the developmental program ends.
However, running out of the developmental program does not completely explain aging. In the wild, many marine mammals and primates survive longer than a passive Bbuilt-in^reliability mechanism should permit. To account for this longevity, we return to the orchestra metaphor. Imagine that after each Swan Lake performance, one hundred CDs are produced. These CDs contain detailed information on how to organize an orchestra, choose instruments, play Swan Lake, and record new informational CDs. After CDs are produced, they are placed in a box at the theater entrance with the expectation that some disks will be taken and Swan Lake will be played again. On occasion, an orchestra is organized, and Swan Lake is performed, and a new batch of instructional CDs is recorded. After each performance, the musicians would pack up their instruments and disappear with no care of whether the CDs are taken. However, imagine the case when an instructor-artist (i-artist) offers that in return for food and shelter, she will take each CD and make sure that new orchestras would be organized, perform the music, and produce CDs. Unlike all other musicians in the orchestra, the i-artist plays a small role during the Swan Lake performance. Her primary role comes after the performance, with the CD distribution and the new orchestra formation. Soon the i-artist is irreplaceable, and her efforts to distribute the new CDs resulted in many subsequent performances of new Swan Lake orchestras. Now, let us substitute the CDs distribution with parental care and the i-artist with instructor-genes (igenes) that are responsible for the safety of progeny. Igenes would account for the entire spectrum of physiological and social behavior responsible for progeny production and care. I-genes could be viewed as an extension of the developmental program into a parental care program. At the same time, these two programs are fundamentally different. The developmental program is evolutionarily much older and has evolved under strong selective pressures. By contrast, the parental care program is more flexible, including a broad spectrum of physiological and behavioral changes that begin in late development and remain through adulthood. The genetic basis for such changes is controlled by i-genes, which stabilize gene expression during a post-reproductive period, ensuring that chaos is postponed.
I-gene activity might evolve like Dawkins' selfish gene action (Dawkins 2006) . To ensure that i-genes are necessary for the organism, they would change the developmental program so that they were indispensable for reproduction and progeny care. For example, i-genes might limit the number of eggs produced by ensuring the necessary hormonal changes are initiated. This situation corresponds to the i-artist limiting the CD production to 5-10 copies and being responsible for re-copying the CDs.
Generally, in the absence of parental care, genes are only maintained in the genome if they have a role during the developmental program. In the presence of parental care, incorporation into the genome is less restricted, and even genes that acted after ontogenesis could be maintained in the genome. I-genes would ensure their own survival by increasing progeny's dependence on parents and, as a byproduct, increase individual longevity. In return, the selfish action of i-genes provides organisms with a post-developmental program. By stabilizing gene expression, long-term parental care increased the chance that parents survive through the development of their offspring.
When compared to most land mammals, primates are characterized not only by more extended gestation periods and required parental care but also by increased longevity and post-developmental time (Wilson 2000) . In most rodents, individuals in the wild only survive six to eight months (Phelan and Austad 1989) . A reproductive strategy that includes a short gestation period and short developmental time can sustain a species even if all individuals of a generation die after a few months. During the evolution of great apes, in addition to an increase in body size and social complexity, species have gained longer gestation periods, extended parental investment, and increased longevity. In contrast to rodents, in many primate species, adults must survive at least 12-14 years after maturation. For example, with a long gestation period and three to four years between successful pregnancies, most female chimpanzees must stay fertile for 24-28 years to ensure species survival. This longevity depends on behavioral and physiological changes that occurred in the primate lineage. The group of i-genes likely facilitated the shift in primate's evolution from short pregnancies and little parental investment into long pregnancies and extended parental care. Successful identification of i-genes could ultimately lead to the development of therapies for age-related human diseases and aging itself. Hamilton (1966) asserted that Bif the organism practices parental care, 'birth' should be considered to occur at the age at which the offspring becomes independent.Û nlike most animal species, primates, and hominids in particular, have an exceptionally long maturation period. In this sense, reproductive success and fitness of adults should be calculated from the number of offspring who themselves attain reproductive maturity.
Minimum lifespan potential
In aging research, species are characterized by the maximum lifespan of an individual. With this metric, a virtual BMethuselah's zoo^could be created for the longest-lived animals (Austad 2010 ). However, information on maximum lifespan does not indicate when reproduction ends, and aging begins, which show for how long natural selection Bcares^for the species. To determine this time point, I suggest using a value of species minimum lifespan requirement, defined as the length of time required to ensure species survival. The minimum lifespan requirement corresponds to the duration of time when the genes and behavior of a specific species are subject to the natural selection. Individual survival beyond the minimum lifespan requirement does not contribute to overall species survival. Minimum lifespan requirement would be calculated from age at maturation, the probability of survival until adulthood, the length of a gestation period, years under parental care, the number of young produced, the time between litters, and social structure. Wild female Mus musculus mature in~30 days, have short gestation and weaning periods around 21-24 days each, and need to have 2 or 3 litters per female with a brief period between litters. Based on these numbers, I estimate its minimum lifespan requirement is 4 or 5 months. According to Phelan and Austad (1989) , 50% of the wild mouse population survive to 130 days, and 10% survive to 279 days. Female chimpanzees first give birth at 14 years, have a 3-year weaning period, and have an average litter size of 1 (Hill et al. 2001) . The probability of surviving to adulthood is 50%. To maintain a constant population size, females must average 4 or 5 offspring through their lives at the inter-litter interval of 2.5 years. Based on these numbers, I estimate the minimum lifespan requirement for the chimpanzee is 25-30 years. The difference in the minimum lifespan requirement for these two species highlights a significant challenge in aging research. To date, most aging research is conducted on model rodents even though they have a vastly shorter minimum lifespan requirement compared to humans. These rodents are studied primarily because of convenience, limiting what we can learn about hominid aging, and specifically human aging. On the other hand, aging studies that focus on primates could lead to the identification of i-gene families, responsible for stabilizing the genome during a post-developmental stage and could lead to an understanding of human aging. If primates' longevity is due to the additional genetic organization by instructor-genes, then murine models would be inherently inadequate for the study of human aging.
Limitations of the current research
Current problems in aging research come directly from oversimplifications created by molecular biology. Importantly, we now know that Jacques Monod's statement (Monod and Jacob 1961) Bwhat is true for E. coli is true for an elephant^does not apply to aging research. Although all life ends with death, choosing any animal model for aging research is not appropriate. Limitations of time and funding lead researchers to focus on aging in Saccharomyces cerevisiae (e.g., Lee et al. 2017) , Caenorhabditis elegans (e.g., Scerbak et al. 2018), and D. melanogaster (e.g., Zhou et al. 2017 ). Although these model organisms are convenient, cheap, and short-lived, they offer little useful insight into mammalian aging in general, or human aging in particular (Austad and Podlutsky 2005; Austad 2001 ). Natural selection shaped those species to specific ecological niches, which are entirely different from mammalian niches. A similarity in genes or gene networks should not provide sufficient motivation to study a worm's aging process and project the results to humans; these types of studies would lead only to worm-or fly-specific knowledge. Unfortunately, few publications echo this critique of non-mammalian aging models (Gershon and Gershon 2001; Austad and Podlutsky 2005) . Because i-genes would be a recent development in the vertebrate evolution, they are likely limited to mammals (primates in particular) and studies of yeast, worms, or flies would provide information of limited value on human aging. Aging research in the mouse is currently limited to the phenomenological observations between Byoung^and Bold^animals with relatively few examples of life extension in knock-out mutants. Still, compared to primates, mice would have a limited number of i-genes, which might help in identifying them and understanding their role in the mammalian aging process.
Because of the difference between human and other primate's parental care, recent human evolution likely includes the rapid evolution of i-genes. For example, research on brain size and complexity (Dorus et al. 2004) found evidence for accelerated evolution in primate lineage compared to rodents. A similar approach might yield interesting results if one compares whole genomes instead of brain-related genes. For example, Nielsen et al. (2005) compared genomes of humans and chimpanzees for signs of positively selected genes and found that many genes of unknown biological processes exhibited accelerated evolution. It remains to be determined which of these genes are related to aging or igene groups.
Three groups of animal models for aging research
With an increase in the availability of whole-genome sequence data and the appreciation of comparative epigenetics of development, we need to know where to look and what to compare to understand human aging. As such, animal model organisms can be divided into three groups, according to their parental investment, igene action, and aging process in the wild.
Group A consists of animals that, in the wild, have short generation time and minimal or no parental care. Animals belonging to group A include C. elegans, Drosophila melanogaster, other insects, most fishes, and most rodents (e.g., Ashpole et al. 2017) . Rodents are included in group A because they have minimal parental care after weaning.
1 These species likely have few igenes. However, it is possible that some genes that are igenes in primates still play an important role in aging in rodents or other lineages. Studying these i-gene homologs would reveal a gene-specific evolution of i-genes. Aging research in this group might uncover how animals in a safe lab environment can live 3-5 times longer than their wild counterparts. Comparative analysis of the genome maintenance systems between different rodent species might illuminate differences that increase their longevity in the lab. For example, the white-footed 1 One rodent not in group A is the naked mole rat (Heterocephalus glaber). This rodent, approximately the size of a mouse, lives up to 30 years (Sherman et al. 1991; Edrey et al. 2011; Lewis et al. 2018; Olecka et al. 2018) . However, specific physiological traits, such as poikilothermia, low body temperature, low respiration, low metabolic rate for an animal of its size, partial developmental arrest, and life at a low oxygen level, might significantly influence their longevity. Due to these unique characteristics, it is hard to place this animal in a particular group. mouse (Peromyscus leucopus) occupies a similar ecological niche as a M. musculus but lives twice as long (up to eight years) in a protective lab environment (Sacher and Hart 1978) . Finding differences between genome maintenance of P. leucopus and M. musculus would reveal which genes were subject to deviating evolutionary pressures and how these differences contributed to maximum longevity (Ungvari et al. 2008; Podlutsky et al. 2017) .
Group B consists of species that have long maximum life spans with minimal parental care and short postreproductive lifespan, such as birds and bats. In these cases, longevity is likely a byproduct of physiological characteristics associated with flight and energy utilization. The minimal parental investment in these species suggests that they are not required to have such long life spans, and they likely have few i-genes. In Adaptation and Natural Selection, Williams (1966) noted that not everything that is adaptive is an adaptation in the technical sense. Gould and Lewontin (1979) used the term Bspandrel^for a phenotypic character that is a byproduct of the evolution of some other character. Longevity of many bats and birds species is a sort of spandrel of their ability to fly. During the flight, these animals rapidly burn energy resulting in elevated levels of reactive oxygen species (ROS) leaking from their mitochondria. However, these ROS do not damage DNA and other macromolecules due to free radical scavenging and DNA repair systems (Brunet-Rossini and Austad 2004; Alper et al. 2015) , which potentially play a role in the longevity of the species. Group B species probably do not have advanced i-gene families due to limited parental care rarely extending beyond a single season. Aging studies in group B animals might reveal speciesspecific mechanisms to increase longevity, including robust DNA repair machinery or a sensitive ROSscavenging system (Brunet-Rossini 2004; see also review by Davies et al. 2017) .
Group C consists of species that have extensive parental investment, such as most primates and many whales. These species likely evolved many i-genes to facilitate adult survival beyond initial reproductive success. These genes would also help the adults survive until their progeny matures. Investigating genome evolution in closely related primates might reveal the genetic basis of increasing the gestation and weaning periods, the genetic basis of social structure and parental behavior. Research on this group will most likely bring information about mechanisms of human-specific igenes. Unlike group B, animal species belonging to group C have an extended period of life after reproduction. Understanding the underlying molecular mechanisms, identification of i-genes and their targets, would allow researchers to have a better view on human evolution. Identification of human-specific changes in igenes will lead to the understanding and treatment of age-related diseases and, possibly, cancers.
Conclusion
Current evolutionary theories of aging, such as MA, AP, and DST, do not satisfactorily explain the underlying molecular mechanisms of aging. The new hypothesis developed here, SAA, explains the lack of immortality and the increase in primate's longevity, by postulating that aging is a default process and a selfish action of the parental care program, respectively. Future research on aging should focus on identifying instructor-genes (or igenes), which are active during maturation and then stabilize gene expression during the postdevelopmental period of organismal life. Comparisons of the molecular mechanisms involved with aging in primates will show these processes in closely related species, including humans. By comparing the wholegenome sequences of several primate species with different levels of parental care, we might identify i-genes that played a significant role in species evolution and anti-aging.
The September 2018 issue of the Scientific American was a special one: The Science of Being Human. However, none of the many articles have listed parental care as a unique or important characteristic of our species. Almost all animal groups have evolved degrees of parental care, from mouthbrooding cichlids to the crop milk secretion in birds; parental care seems to be universal and ubiquitous. That is probably why the parental care in humans seems to be a Bnothing out of the ordinary,^many species do it, and we are as well. However, presented here is the new hypothesis linking primate's parental care program with the anti-aging action of a family of instructor-genes, currently unidentified.
The role of i-genes in primate's evolution and the origin of Homo sapiens could be even more prominent than the Bsimple^selfish anti-aging mechanism. The origin of conscious, the biological root of social structure and language, cooperation and altruism, postponement of age-related diseases (including most cancers), all might be linked to the action of i-genes and the development and elaboration of parental care program.
